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In  the preceding paper  (1,  a)  we dealt with a  number of  physical, 
chemical,  and  biological characteristics  of BacI.  lepisepticum;  in  this 
present one we shall take up the question of virulence,--its relation to 
certain  other  bacterial  characteristics  and  to  the  occurrence  of  the 
natural infection. 
Virulence of "D" and Mucoid  Types and Their  Variants. 
At the present time, there is but one method of estimating the viru- 
lence of a microorganism,--that of animal inoculation.  The technique 
is to administer the specific microbe to a number of laboratory animals, 
and to observe their subsequent behavior over a  fixed period of time. 
The effects produced are usually recorded in terms of the duration  of 
life of the animals inoculated, but under some conditions, in those of 
the number of animals that become infected or in types and severity 
of infection.  The investigator's interpretation of such results depends 
upon his attitude toward certain  complicating factors.  Chief among 
these is the difference in reaction of the individual animals to the micro- 
organism.  If a group of animals is injected at one time with the same 
dose of pathogenic bacteria, certain ones may die, others survive with 
signs of chronic infection, and still others prove refractory.  Those that 
die  may  succumb  after  different  intervals  of  time,  and  those  that 
survive show varying types and degrees of infection.  Thus  it is evi- 
dent that the method of titrating virulence by means of animal inocula- 
tion is essentially an attempt  to evaluate an unknown in terms of an 
arbitrary  standard,  which  is  itself  ill  defined  and  subject  to  wide 
variation. 
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Two possible explanations for  the variability of animal  reaction as 
just illustrated must be considered, namely, that  it is  due either to 
chance or  to  actual differences in  the resistance of  each individual. 
Topley (2)  and Lockhart (3),  on the basis of  statisticalanalyses,-- 
which we believe to be incorrectly applied--assume that  the potential 
reaction of each animal is the same and is constant, variations in their 
behavior being due entirely to chance.  We, on the other  hand, are 
convinced as  result  of the  pathological and  bacteriological evidence 
obtained through the observation of experimental mouse typhoid (1, 
b, c) and rabbit septicemia infections (1, d) that animals react differ- 
ently to bacteria because of differences in their resistance, that those 
which die soon after injection do so because they are relatively sus- 
ceptible, and that those which escape infection do so because they are 
especially resistant.  Consequently, until direct evidence to the con- 
trary is forthcoming, we shall regard the reaction of the host to the 
presence of injurious influences as a  standard of measurement which 
varies in each animal according to its resistance. 
As  one  comes to  recognize that  the  amount of resistance  differs 
among individuals (1,  b,  c,  d),  races (4),  and at seasons of the year 
(5),  that it is affected by diet (1,  e), light, and other environmental 
conditions, and  consequently that in a  virulence titration  this host 
reaction,  which we  take  as  the  standard  of measurement,  reflects 
differences in animal susceptibility as well as bacterial potentialities, 
one comes also to appreciate the necessity of rigid measures of control 
during experimentation.  As many variables as possible must be elimi- 
nated.  An inbred race of animals (1)  should be used, whose (2)  en- 
vironmental conditions have been uniform and such that they have 
not been exposed (3)  to the specific organism.  As large numbers of 
them as possible (4) of similar age and weight should be employed for 
each titration.  Dosage should be measured in terms of numbers of 
organisms given to each animal.  And finally, if the true, or native, 
pathogenicity of a  microbe under natural conditions is  to  be deter- 
mined, the native host should be employed and the bacteria adminis- 
tered by way of the normal portal of entry. 
Unfortunately,  experimental methods  are  governed  to  no  small 
extent by working facilities.  Thus,  while our own virulence  deter- 
minations of mouse typhoid bacilli have been carried out under con- LESLIE  T.  WEBSTER  AND  CASPAR  G.  BURN  361 
ditions such as have been just outlined (1, b), the titrations of rabbit 
septicemia organisms described in the present paper have been limited 
by the small numbers of rabbits available and by the fact that they 
were not strain-inbred.  We have used animals in groups of 8 to 10, of 
similar age and weight, bred at the Rockefeller Institute, not previ- 
ously exposed to Bact. lepisepticum; and we have instilled intranasally 
a known number of organisms.  This procedure has been followed by 
results which have been relatively constant and which indicate, we 
believe,  the  true  or  natural  virulence of  different strains  of Bact. 
lepisepticum.  Furthermore,  the  results  have  served as  controls  in 
estimating  the  reliability of other  titration  methods,  less  accurate, 
but more practical.  Thus it  was found that when a  culture  given 
intranasally to  rabbits  caused a  high percentage of pneumonia and 
septicemia  cases,  it  likewise  proved  fatal  when  injected  in  small 
numbers intrapleurally into  rabbits,  or  intraperltoneally into  mice, 
and conversely that strains showing little effect when given to rabbits 
by the normal portal of entry were less apt to kill when introduced 
parenterally.  Hence  these  latter  procedures  were  used  to  gain 
presumptive evidence of differences in  the pathogenicity of a  large 
number of strains of Bact. lepisepticum over varying periods of time. 
Intranasal Inoculation of Rabbits. 
In  1921, De Kruif (6)  reported that "D"  strains of BacL lepisepti- 
cure are more virulent than their "G" variants, that the virulence of 
the "D" type is relatively constant, but that Type "G" virulence may 
be somewhat increased by rabbit passage.  Since that time, we have 
compared the virulence of many "D"  and mucoid strains and their 
variants,  isolated  from nasal  carrier rabbits  and  from rabbits  with 
abscesses, snuffles, otitis, pneumonia, and septicemia. 
The results of a  number of what we shall call "natural"  virulence 
titrations of "D," mucoid, and "G" variant  strains are summarized 
in Table I. 
In each instance, 250,000,000 organisms of a 17 hour blood broth culture from 
the stock agar slant were instilled into the right and left nares of rabbits of similar 
age---5 months--and weight--800 to  1000 gm.--from the Rockefeller Institute 
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had died from spontaneous septicemia.  The "G" variant was obtained by cul- 
tivating the "D" strain 72 hours in plain broth (1, g).  The mucoid strains were 
freshly isolated in 1925 from snuffles and nasal carrier rabbits (1, d). 
Eleven  titrations  of the  Rivers  "D"  strain have  been  made  over a 
period  of  more  than  2  years.  In  nine  instances  the  mortality  from 
TABLE  I. 
Virulence  of  "D,"  Mucoid,  and  "G"  Strains  of Bact.  lepisepticum  Instilled  [n- 
tranasally into Rabbits• 
Strain. 
-8. 
Rivers "D"  1  1923  6 
"  2  1923  6 
"  3  1923  6 
"  4  1924  6 
"  5  1924  12 
"  6  1924  12 
"  7  1924  7 
"  8  1925  11 
"  9  1925  19 
"  10  1925  5 
"  11  1925  8 
Pneumonia 
and  Snuffles. Carriers.  Resistant. 
septicemia. 
2  33.2  4  66.4  0  --  0  -- 
1  16.6  5  83.4  0  --  0  -- 
2  33.2  2  33.2  1  16.~  1  16. 
3  50  0  --  1  16.6  2  33. 
3  25  8  66.7  1  8.3  0  -- 
8  66.7  2  16.6  0  --  2  16. 
1  14,3  1  14,3  4  57.2  1  14. 
3  27  6  54  1  9  1  9 
2  10  11  55  2  10  4  20 
1  20  2  40  240  0  -- 
2  25  2  25  1  12.5  3  37. 
Total average, 
Rivers "D"  98  28  28.5  43  44  13  13.3 
Rivers"G"  1  1925  11  0  -  0  -  0  - 
Mucoid544.  1  1925  10  0  --  2  20  6  60 
"  329.  1  1925  10  0  --  4  ~0  5  50 
"  DC30...  1  1925  8  0  --  3  37.5  3  37.5 
Total average..  .'1.  28  0  --  9  32.3  14  50 
14  14 
11  100 
2  20 
I  10 
2  25 
5  17. 
pneumonia  and  septicemia  was  between  10  and  33  per  cent;  in  two, 
over  50  per  cent.  The  average  mortality  was  28.5  per  cent;  chronic 
snuffles developed  in an average  of 44 per  cent, and  13.3 per  cent  be- 
came  chronic nasal carriers of the organisms.  Two  other  "D"  strains LESLIE  T. WEBSTER  AND  CASPAR  G.  BURN  363 
from cases of spontaneous pneumonia showed a similar and apparently 
constant degree of virulence.  1 
The titration of the Rivers "G" strain included in Table I indicates 
the  almost  total lack  of what we  term  "natural"  virulence  of  this 
variant.  None  of the  11  rabbits used in  the  test became infected. 
Typical  intranasal  titrations  of  three  mucoid  strains  are  also 
shown in Table I.  None of the animals died; 20 to 40 per cent, aver- 
age 32.3 per cent, developed chronic snuffles, and 37.5 to 60 per cent, 
average 50 per cent, became chronic carriers of the bacteria. 
These  results  show  the  relative  degree  of  virulence  of  "D"  and 
mucoid types of Bact.  lepisepticum  and their variants under natural 
conditions of infection, indicating besides  that  the  "D"  type tends 
TABLE  II. 
Virulence of "D," Mucoid, and "G" Types of Bact. lepisepticum Injected Intra- 
pleurally into 800 to 1000 Gin. Rabbits. 
Type. 
Mucoid  .................... 
10-7 
t2 days. 
6 
6 
No.  of  organisms  injected. 
10-6  I  --i0  ~  ~I0  ~  10-s 
6  8  10+* 
6  I  1°±*  I  1°±*  I 
t Duration of life in days after injection. 
* About 50 per cent of the animals survived.  An average  value indicating dura- 
tion of life was difficult  to obtain. 
either to kill its host or to induce chronic snuffles, that the mucoid 
type is  relatively non-lethal, but  induces snuffles and  carrier  cases, 
while  the  "G"  variant  is  practically without effect.  Furthermore, 
they furnish evidence that the virulence of different strains of the same 
type is  relatively speaking  the  same  and  that it  is  constant under 
natural conditions. 
Intrapleural Inoculation of Rabbits. 
Rabbits similar in age and weight to those of the preceding series 
were  employed.  The  cultures  were  taken  from  stock  blood  agar 
1  Two illustrative tltrations of Strain 103, Type "D," are described in full in the 
J. Exp. Med., 1926, xliii, 573. 364  BIOLOGY  Ol  ~ BACTER~  LEPISEPTI~.  IV 
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slants,  gro~:n  on.ernight in  blood broth, and  injected into the right 
chest cavity.  Bacterial counts were made by the dilution method. 
In Table II are summarized the effects of twelve titrations of "D" 
strains on 96 rabbits,  six titrations of "G" strains on 30 rabbits, and 
six titrations of mucoid strains on 48 rabbits.  Although less striking, 
the results are similar to those obtained from the nasal instillation of 
the cultures.  "D" strains killed in the shortest period of time, mucoid 
strains  were less  effective, while  "G"  strains  proved least  virulent. 
Different strains  of the  same  type behaved similarly; no  profound 
fluctuation in virulence of any type-pure strain was observed. 
Intraperitoneal  Inoculation  of Mice. 
We have pointed out that a number of titrations on freshly isolated 
strains and strains used over long periods of time were made by the 
method involving the intraperitoneal injection of mice.  A  17  hour 
blood broth culture was suitably diluted, counted, and then injected 
intraperitoneally into mice 12  to  14 weeks old, from the Rockefeller 
Institute  breeding  room.  Whenever  these  freshly  isolated  strains 
~ere tested, the Rivers "D" stock culture was titrated simultaneously 
as a control. 
Table III summarizes the titrations of "D" and "G" strains.  The 
Rivers "D" strain has been tested twenty-slx times in this manner over 
a period of 2 years.  No significant fluctuations in virulence are appar- 
ent.  1  million  organisms  or  more  killed  mice  regularly within  24 
hours; 100,000 in 1.4 days on the average, with 24 per cent survivors; 
smaller  doses  acted  accordingly.  Two  other  "D"  cultures  showed 
similar high virulence.  The Rivers "G" variant and four other "G" 
strains failed to kill when less than 10,000,000  organisms were given. 
No change in the virulence of these strains was observed. 
58  titrations  of 36  mucoid strains  are grouped chronologically in 
Table  IV.  The  results  of the  titrations  of the  Rivers  "D"  strain, 
carried  out  simultaneously with  each series  of mucoid strains  as  a 
control, are omitted from this table and grouped in Table III.  They 
may be identified by comparing the respective dates of  each experiment. 
The  eight mucoid cultures designated by capital letters came  from snuffles, 
carrier, and pneumonia rabbits at a  farm in New City, N.Y.  The lepisepticum LESLIE  T.  ~VEBSTER  AND  CASPAR  G.  BURN  367 
TABLE  IV. 
Virulence of Mucoid Strains of Bact. lepisepticum Injected Intraperitoneally 
into  Mice. 
544 
329 
Smith 
577 
557 
557 
557 
485 
Strain. 
Date. 
BBB  24  12/17/24 
DC 30  12/17/24 
DC  66  12/17/24 
590  1/  3/25 
652  1/  3/25 
560  (1) 
s6o  (2) 
560  (3) 
545 
569  (1) 
569  (2) 
569  (3) 
544  (i) 
544  (2) 
544  (3) 
544  (4) 
Rab  (5) 
329  (1) 
329  (2) 
Rab  (3) 
329  (4) 
321  (1) 
321  (2) 
375 
DC 47 
DC  335 
DC  672 
BC  7  3/  4/25 
DC  72  3/  4/25 
536  4;  /  7/25 
543  4/  7/25 
Smith (1)  4/  7/25 
541  (1)  4/17/25 
541  (2)  11/19/25 
81  4/17/25 
(72)  5/  7/25 
6/30/25 
(1)  6/30/25 
(2)  11/19/25 
(3)  12/  9/25 
(1)  6/30/25 
No. of organisms injected. 
10  8  10  2 
S.-S. 
S.-S. 
1-3 
S.-S. 
S.-S. 
4-5 
3-3 
3-S. 
5-S. 
S.-S. 
S.-S. 
S.-S. 
S.-S. 
S.-S. 
S.-S. 
S.-S. 
S.-S. 368  BIOLOGY OF  BACTERIU~ LEPISEPTICUM.  IV 
TABLE  IV--Concluded. 
S~a~. 
Date. 
485  (2)  11/19/25 
485  (3)  12/  9/25 
399  (1)  6/30/25 
399  (2)  11/20/25 
399  (3)  12/  9/25 
587  (1)  8/20/25 
587  (2)  11/19/25 
•  555  (1)  11/19/25 
555  (2)  12/  9/25 
492  11/18/25 
369  11/18/25 
556  11/18/25 
349  11/18/25 
395  (1)  11/20/25 
395  (2)  12/  9/25 
338  11/20/25 
516  12/15/25 
Total average  ..... 
No. of  organisms injected. 
10~  106 
1-1  S.-S. 
1-2  2-S. 
1-1 
1-2 
1-1 
1-1 
2-3 
1-S. 
1-S. 
1-2 
S.-S. 
1-1 
1-1-2-S. 
2-2 
1-2-2- 
2-2-4 
10~ 
1-1 
3-4 
S.-S. 
8-S. 
4-4  2-4 
S.-S. 
S.-S. 
S.-S.  S.-S. 
2-S.  S.-S. 
S.-S.  S.-S. 
2-3  S.-S. 
1-1  S.-S. 
S.-S.- 
S.-S.  S.-S. 
S-S. 
2-S.-S.- 
S.-S.-S. 
104 
S.-S. 
2-S. 
1Ays:da  2 days:  1.7  4 days:  2.9 
days:  days: 
14.5%S.  60%S.  75%S.  80%S.  69%S. 
I0:  I0~ 
2-3 
S.-S. 
3-4 
2-2 
S.-S. 
3-S. 
3-S. 
S.-S.-S. 
S.-S.-S. 
2.8 
days: 
75% S. 
S.  =  Survived 30 days. 
Numerals =  Duration of life in days after injection. 
infection  is endemic .there among a stock of about 2500 rabbits.  Strains designated 
as "Smith 1" and '~TT' came from cases of pneumonia in a spontaneous epidemic 
among a group of rabbits at Ray Brook, N. Y., and were kindly supplied by Dr. D. 
T. Smith.  Strains numbered in the three, four, and five hundreds came from a 
special group of rabbits at the Rockefeller Institute.  The source and treatment 
of these rabbits were as follows.  60 animals from the Institute breeding room, 
not previously exposed  to Bact.  lepisepticum  infection, were placed in separate 
cages in a  small, special room, in December, 1924.  Caretakers and attendants 
were allowed free access,  so  that infection from the other Rockefeller Institute 
stock rabbits might be introduced.  Nasal swab cultures were taken at frequent 
intervals and the types of organisms present were studied.  Some of the virulence 
titrations on the mucoid strains recovered in this way have been included  in this and 
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The data in Table IV bring out one fact clearly, namely, that  the 
mucoid type of Bact. lepisepticum  is consistently less virulent for mice 
than the "Z)" and slightly more virulent  than  the "G" type.  1 mil- 
lion mucoid organisms killed an average of 40 per cent of the  animals 
in  2 days and failed entirely to kill 60 per cent.  Smaller doses were 
without effect in more than 68 per cent of the animals.  Furthermore, 
the  table  indicates  that  mucoid  strains,  living  in  the  nasal  tissues 
~f rabbits, do not change in pathogenicity; cultures presumably of the 
same mucoid strains obtained on two, three, or four different occasions 
from  Rabbits  560,  569,  544,  329, 321,  541,  557,  485,  399,  and  587 
proved to be similar in virulence.  Although no significant differences 
in the virulence of these strains were apparent, it seemed wise to test 
this question further by the following method. 
A series of "intraperitoneal  titrations" upon mice was carried out with twenty- 
seven mucoid strains recovered from the nasal passages of rabbits in the special 
room at the Rockefeller Institute,  referred to above.  Cultures obtained  from 
rabbits within 4 days of the time of the experiment were given intraperitoncaUy 
to 12 mice, in the following  dilutions:  10  -1, 10 -~, 10  4, and 10 -5.  The Rivers "D" 
strain,  the virulence of which is known, was administered each day to a similar 
group as a control.  The number of organisms given to each mouse was determined 
by the plating method.  Duration of life was noted and the healthy survivors dis- 
carded after 14 days. 
The results of these tests are recorded in Table V, and are rearranged 
in Table VI to show the average duration of life of mice receiving simi- 
lar doses of different strains.  In spite of every precaution, irregulari- 
ties in survival time occurred.  Some cultures which seemed to show a 
relatively great killing power in one dilution were less active in other 
dilutions.  Frequently, 1 of the 3 mice given a  certain dose of culture 
survived  over a  period  of time  out  of all  proportion  to  that  of its 
mates.  These  irregularities  could  not  have  been  due  to  microbic 
factors, and it is hardly possible that chance factors alone would lead 
to  such  discrepancies.  We believe the  inconsistencies  to  be due  to 
differences in  the  resistance  of  the  mice,  and  accordingly  that  the 
significance  of  the  results  must  be determined  by inspection  alone. 
Clearly,  the  Rivers  "D"  strain  is more  virulent  than  the  mucoid 
cultures;  it killed  the mice in  the  shortest period of time in various 
doses.  Furthermore,  Cultures  518,  560,  555,  512,  and  369,  which 370  BIOLOGY  O~F  BACTERIUM  LEPISEPTICUM.  IV 
TABLE  V. 
"Intraperitoneal  Titrations" of Mucoid Strains in Mice. 
No. of organisms  Duration  of 
Culture.  Dilution.  injected,  lifethein3daYSmice.fOr  Averagetion  of life.dura"  Averagesurvivors.No.  of 
3/23/26 
Rivers. 
563 
518 
330 
329 
379 
3/24/26 
Rivers. 
565 
10-1 
10-~ 
10-3 
10-3 
10-1 
I0  ~ 
10-3 
10-5 
I0-* 
I0  ~ 
10-3 
10-3 
10-1 
10-~ 
10-3 
10-6 
10-* 
10--2 
10-3 
10-3 
10-1 
10-a 
lO-a 
10-5 
10-1 
10-~ 
10-3 
10-3 
10-1 
I0-~ 
10-3 
10-5 
104,000,000 
10,400,000 
1,040,000 
10,400 
60,800,000 
6,080,000 
608,000 
6,080 
105,000,000 
10,500,000 
1,050,000 
10,500 
130,800,000 
13,080,000 
1,308,000 
13,080 
68,400,000 
6,840,000 
684,000 
6,840 
87,000,000 
8,700,000 
870,000 
8,700 
105,000,000 
10,500,000 
1,050,000 
10,500 
72,000,000 
7,200,000 
720,000 
7,200 
0.7-0.7-0.7 
0.7-0.7-2 
0.7-0.7-2 
2-7-S. 
0.7-0.7-4 
2-2-S. 
4-S.-S. 
3-6-S. 
0.7-0.7-5 
0.7-2-2 
2-2-5 
2-2-4 
0.7-0.7-2 
0.7-2-S. 
2-S.-S. 
S.-S.-S. 
0.7-0.7-2 
4-6-S. 
5-6-S. 
2-5-S. 
0.7-2-3 
2-8-S. 
1-4-11 
8-10-13 
0.7-0.7-1 
0.7-1-6 
2-6 
0.7-6-S. 
1-3-4 
0.7-2-4 
0.7-S.-S. 
1-2-3 
0.7 
1.1 
1.1 
4.5 
1.8 
2.0 
4.0 
4.5 
2.1 
1.6 
3.0 
2.6 
1.1 
1.3 
2.0 
1.1 
5.0 
5.5 
3.5 
1.9 
5.0 
5.0 
10.0 
0.8 
2.6 
4.0 
6.5 
2.6 
2.2 
0.7 
2.0 LESLIE  T.  WEBSTER  AND  CASPAR  G.  BURN 
TABLE  V---Continued. 
371 
No. of organisms  Duration of  Average dura-  Average No. of 
Culture.  Dilution.  injected,  life in days for  tion of life.  survivors. 
the 3 mice. 
555 
462 
395 
544 
543 
556 
A 
3/25 
Rivers. 
512 
557 
10-1 
10-~ 
10-3 
10-5 
lO-X 
10 ~ 
10-3 
10-1 
10-2 
10-3 
10-5 
10-x 
10 ~ 
10-3 
10-5 
10-1 
10-~ 
10-3 
10-5 
10-1 
10---2 
10-3 
10-6 
10-1 
10--2 
10-3 
10-~ 
10-t 
10 '2 
10-3 
10-5 
10-1 
10---2 
68,400,000 
6,840,000 
684,000 
6,840 
120,000,000 
12,000,000 
1,200,000 
12,000 
84,000,000 
8,400,000 
840,000 
8,400 
42,000,000 
4,200,000 
420,000 
4,200 
46,800,000 
4,680,000 
468,000 
4,680 
117,000,000 
11,700,000 
1,170,000 
11,700 
120,000,000 
12,000,000 
1,200,000 
12,000 
69,000,000 
6,900,000 
690,000 
6,900 
76,800,000 
7,680,000 
0.7-0.7-3 
1-2-3 
0.7-2-S. 
3-S.-S. 
0.7-0.7-3 
0.7-1-4 
2-3-S. 
2-2-S. 
2-4-S. 
2-5-S. 
5-6-S. 
6-13-S. 
0.7-1-4 
0.7-7-2 
3-S.-S. 
3-13-S. 
S.-S.-S. 
3-S.-S. 
5-S.-S. 
S.-S.-S. 
0.7-3-4 
1-3-5 
1-5-S. 
3-3-5 
0.7-0.7-0.7 
2-2-S. 
2-2-2 
2-3-3 
1.6 
2.0 
0.9 
3.0 
1.5 
1.9 
2.5 
2.0 
3.0 
3.5 
5.5 
9.5 
1.9 
1.1 
3.0 
9.5 
3.0 
5.0 
2.6 
3.0 
2.0 
3.6 
0.7 
2.0 
2.0 
2.6 
0.7-2-2  1.6 
0.7-2-6  2.9 
2-3-6  3.6 
2-4-1-S.  3.0 
0.7-2-S.  1.3 
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TABLE  V--Continued. 
Culture. 
557 
383 
593 
375 
368 
346 
3/26 
Rivers. 
535 
492 
Dilution. 
lO-a 
10-~ 
10-1 
10-~ 
10-3 
10-5 
10-I 
I0-* 
10-3 
lO-t 
10-1 
10-2 
10-3 
10-~ 
10--I 
10-2 
10--3 
lO-S 
10-1 
10-* 
10  4 
10  4 
10-1 
I0-* 
10-~ 
10-6 
10-z 
10-2 
10-3 
10  4 
10-1 
10 ~ 
10-3 
10-5 
No. of  organisms 
injected. 
768,000 
7,680 
78,000,000 
7,800,000 
780,000 
7,800 
147,000,000 
14,700,000 
1,470,000 
14,700 
120,000,000 
12,000,000 
1,200,000 
12,000 
103,800,000 
10,380,000 
1,038,000 
10,380 
75,000,000 
7,500,000 
750,000 
7,500 
156,000,000 
15,600,000 
1,500,000 
15,600 
70,400,000 
7,040,000 
704,000 
7,040 
Duration of 
llfe in days for 
the 3 mice. 
S.-S.-S. 
S.-S.-S. 
4-5-S. 
S.-S.-S. 
4-S.-S. 
6-9-S. 
2-2-2 
4-4-S. 
3-3-5 
5-7-S. 
O. 7-0.7-2 
2-4-S. 
O. 7-3-3 
6-7-S. 
O. 7-3-3 
3-6-S. 
4-S.-S. 
9-9-S. 
4-4-S. 
3-S.-S. 
5-S.-S. 
S.-S.-S. 
O. 7-0.7-0.7 
O. 7-2-2 
2-2-2 
2-3-S. 
O. 7-2-2 
2-3-4 
2-S.-S. 
8-S.-S. 
Average  dura- 
tion of life. 
4.5 
4.0 
7.5 
2.0 
4.0 
3.6 
6.0 
1.1 
3.0 
2.2 
6.5 
2.2 
4.5 
4.0 
9.0 
4.0 
3.0 
5.0 
0.7 
1.6 
2.0 
2.5 
1.2 
3.0 
2.0 
8.0 
4.3 
4.6 
162,000,000 
16,200,000 
1,620,000 
16,200 
2-5-6 
2-5-7 
S.-S.-S. 
2-S.-S.  2.0 
Average  No. ot 
survivors. LESLIE  T. WEBSTER  AND  CASPAR  G. BURN 
TABLE  v---Cor~cluded. 
373 
Culture. 
560 
369 
587 
349 
368 
183 
Dilution. 
10-i 
10  4 
lO-S 
10  4 
10-1 
10-~ 
10-a 
10  4 
10-1 
10-~ 
10  4 
10  4 
10-1 
10-2 
10-a 
10-* 
10-I 
10-'2 
10-a 
10  4 
10-1 
10  4 
10-a 
10  4 
No. of organisms 
injected. 
51,600,000 
5,160,000 
516,000 
5,160 
40,000,000 
4,000,000 
400,000 
4,000 
42,000,000 
4,200,000 
420,000 
4,200 
39,000,000 
3,900,000 
390,000 
3,900 
51,600,000 
5,160,000 
516,000 
5,160 
40,000,000 
4,000,000 
400,000 
4,000 
Duration of 
life in days for 
the 3 mice. 
0.7-2-2 
2-3-4 
2-3-5 
2-2-3 
0.7-0.7-2 
2-5-7 
2-5-S. 
5-7-S. 
S.-S.-S. 
S.-S.-S. 
S.-S.-S. 
2-S.-S. 
3-3-3 
2-4-S. 
S.-S.-S. 
2-S.-S. 
4-4-S. 
2-3-5 
4-10-S. 
3-3-S. 
2-2-2 
2-3-5 
2-3-3 
3-5-11 
Average  dura- 
tion of life. 
1.6 
3.0 
3.3 
2.3 
1.1 
3.6 
2.3 
6.0 
2.0 
3.0 
3.0 
3-S. 
2.0 
4.0 
3.3 
7.0 
3.0 
2.0 
3.3 
2.6 
6.3 
Average No. of 
survlvors. 
S.  -- Surviving and clinically healthy at 14 days. 
proved lethal  within  1  to  3  days when  given in  doses of  107  to  105, 
and to some of the mice in doses as small as 108  , would seem from this 
experiment  to be more pathogenic than  Cultures 587,  557,  492,  346, 
and 349, which, in doses of 107 to 10  s killed usually after 3 days and in 
smaller doses were generally without effect.  Nevertheless, we wished 
to gain further evidence of these differences by more direct methods. 
We  therefore  chose an  apparently virulent  mucoid strain,  No.  518, 
another less  so,  No.  369,  and  a  third  of little  virulence,  No.  383  as 374 
o~ 
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determined by the intraperitoneal method,  and  instilled  a  24  hour 
blood broth culture of each into the nares of ten 600 to 800 gm. rabbits 
from  the  Rockefeller Institute  breeding  room.  About  125,000,000 
organisms were introduced into each naris.  The results of this  test 
are shown in Table VII. 
3 weeks after infecting the animals, the carrier rate and percentage 
of resistant  animals in  each group  were similar.  2  animals in  the 
369  series, however, died from pleuropneumonia.  This  relationship 
still  obtained after 6  and 9  weeks; hence we concluded that  these 
strains showed about the same degree of natural virulence for rabbits, 
and that they were similar to the other cultures studied (Table I). 
TABLE  VII. 
Virulence of Mucoid Strains of Bact. lepisepticum Instilled Intranasally into Rabbits. 
Date.  Group.  Specific  Snuffles.  Carriers.  Refractory  mortality,  animals. 
4/4/26 infected. 
4/24/26  383 
369 
518 
~er cent 
0 
20 
0 
~er cenl 
11.1 
0.0 
12.5 
#er cent 
67 
75 
62 
33 
25 
38 
Effect of Artificial Cultivation  and of Animal Passage on "D," Mucoid, 
and "G" Types. 
In the experiments so far described, we have noted several times 
that the virulence of "D,"  mucoid, or "G"  types does not fluctuate 
significantly.  That the virulent "D" organism gives off less virulent 
"G"  variants  was observed in  vitro by De  Kruif  (6)  and  by us in 
experiments involving infection of the nasal passages  of rabbits  (1, 
d).  But nothing has been noted up to the present that would indicate 
the  occurrence of  the  reverse process,  namely,  the  change  from  a 
less virulent to a  more virulent type.  We undertook to follow any 
type  changes which might  occur,  first,  by growing the  bacteria  in 
various artificial media, and second, by making animal passages. 
Artificial Cultivation.--Since  the change from the virulent "D"  or 
mucoid type to the avirulent "G" variant is brought about when the 
oxygen tension of the media is high, and inhibited when it is low (1, LESLIE  T.  WEBSTER  AND  CASPAR  G.  BURN  377 
g),it seemed desirable to ascertain whether "G"  or mucoid types may 
change  to  more virulent  forms when  grown  in  media of low oxygen 
tension.  Hence, a  number of strains was seeded into plain broth and 
into broth enriched with yeast extract,  vegetable, or animal tissue, in 
which  the  oxygen tension  was reduced mechanically,  or by the addi- 
tion of blood, potato, iron salts, and oxides (2).  Rapid and slow pas- 
sages were tried at different temperatures, but the results were entirely 
negative.  Neither type specificity nt)r grade of virulence was altered. 
Animal  Passage.--Experiments  1 to 5 were planned to test the effect, 
if any, of direct passages through the rabbit, without artificial cultiva- 
tion,  of  types  of  Bact.  lepisepticum  introduced  into  the  body  in  an 
abnormal way. 
TABLE  VIII. 
Direct Intrapleural  Rabbit Passage  of Bact. lepisepticura,  "D"  Type,  R.  "63." 
Rabbit No. 
1 
1A 
2 
3 
4 
5 
6 
7 
8 
1~o. of 
passages.  Culture injected.  Quantity 
injected. 
18 hr. blood broth. 
18  "  "  " 
PIeural exudate:  Rabbit 1. 
"  "  "  2. 
g~  gg  ~$  3. 
'g  'g  g'  6. 
"  "  "  7. 
Gc. 
1 
1 
1 
Duration of 
llfe in 
days after 
injection. 
Experiment 1.--A culture of Bact. lepisepticum, Type "D," R. 63, obtained from 
the nasal passages of a rabbit at the onset of spontaneous snuffles, was grown for 
18 hours in rabbit blood broth, and injected in 1 cc. amounts into the left pleural 
cavity of two 800 to 1000 gin. rabbits.  2 days later 1 rabbit was dead; on the 5th 
day the second rabbit died.  1 cc. of the pleural exuclate of the first rabbit was 
injected directly into the left pleural cavity of a  third rabbit of the same size. 
7 days later this rabbit died, and 1 cc. of its pleural exudate was injected as before 
into a fourth 800 gin.  rabbit.  This procedure was continued for 8 direct rabbit 
passages.  The results, summarized in Table VIII, indicate that the duration of 
life decreased somewhat with the intrapleural passage of the culture. 
The pleural exudate was then taken from Rabbit "8" and injected directly, 
without artificial cultivation, intrapleurally into 4 rabbits in the following broth 
dilutions:  1 : 1, 1 : 100, 1 : 10,000, and 1 : 1,000,000.  ½ cc. of the undiluted pleural 378  BIOLOGY  OF  BACTERIUM  LEPISEPTICUM.  IV 
exudate was also instilled into the nares of each of 4 rabbits.  At the same time, 
a 6 hour rabbit blood broth culture from the original, unpassed stock culture was 
injected intrapleurally into 4 rabbits in  1 cc. quantities, undiluted, 1:10,  1:100, 
and 1 : 1000; and 4 rabbits were given the undiluted ctfiture intranasally in doses of 
½ cc.  The actual number of  bacteria per cc. in each  culture was  determined by 
the plating method. 
None of the rabbits inoculated intranasally showed clinical signs of infection. 
Those injected intrapleurally, however, died at intervals of 5 to 7 days (Text-fig. 
1).  And the average duration of life of animals receiving the "passed" culture was 
at least as long as those injected with the "unpassed" culture.  It  is  concluded, 
therefore, that under the conditions of this experiment, 9 pleural passages did not 
affect the intrapleural or intranasal virulence of the "D" strain, R. 63,  of Bact. 
lepisepticum. 
Ave~,~  6ueat/on  of life  D,vet~a~e  No. 
D~,y~  I  2 3 4 5 6 7 8 9 10  1!  b~ctep~ 
Pa.~e  ill  I  ill  i  1  injected 
o~  I  II  P.o,  ooo,  ooo 
0  till  i  I  i  i  i  I  I  i  I  i  I  I  3o~o 
I I I Ill 
IP~sed  culture EEDUn}~ed ¢ultur~ 
TExT-FIG. I. Virulence of @ passage culture and "unpassed" stock culture  of 
Bact. lepisepticum.  "D" strain, R. 63. 
"Average number bacteria injected" represents the mean of the nearest com- 
parable figures. 
Experiment  2.--Another  virulent  "D"  strain,  Rivers,  previously described, 
was grown 17 hours in rabbit blood broth.  1 cc. was then injected intrapleurally 
into a 1000 gin. rabbit.  This animal died the following day.  A heart's blood broth 
culture from this rabbit, incubated 14 hours, was injected intrapleurally into 6 rab- 
bits in the following dilutions: 1:1,  1:10, 1 : 1000, and 1 : 100,000.  The number of 
bacteria per cc. was estimated by the usual plating method.  6 additional rabbits 
were injected intranasally with the undiluted culture. 
2 animals receiving the nasal injections died with  pleuropneumonia; 4  of  the 
6 developed snuffles; 2 remained well.  Of those receiving the culture intrapleural]y 
1, with  the 600,000,000  dose, died in 1 day; 1, with 60,000,000, in 1 day; 2, with 
600,000, in 2 days; and 2, with 6000, in 1 and 2 days. 
1 cc. of the pleural fluid of the first rabbit to die was injected intrapleurally into 
a  1000 gin. rabbit, and the number of bacteria thus injected was determined as 
before.  A similar direct pleural passage was continued through 7'rabbits with the LESL]]5  T.  WEBSTER  AND  CASPAR G.  BURN  379 
result that most of the rabbits received over a  billion organisms and were  dead 
within 24 to 48 hours (Table IX). 
The pleural exudate of the rabbit of the eighth passage was then injected in- 
trapleurally into 6 rabbits in the following dilutions: 1:100,  1:1000,  1:100,000, 
TABLE  IX. 
Direct  Intrapleural  Rabbit  Passage  of Bact.  lepisepticum,  "D"  Type,  Rivers. 
No. of bacteria  Duration of llfe 
Rabbit No.  Material injected,  injected,  in days. 
1 cc. blood broth culture. 
1  "  pleural exudate:  Rabbit I. 
1  "  "  "  "  2. 
1  "  "  "  "  3. 
1  "  "  "  "  4. 
1  "  "  "  "  5. 
1  "  "  "  "  6. 
!  "  "  "  "  7. 
600,000,000 
1,700,000,000 
1,0004- 
9,200,000,000 
85,000,000,000 
120,000,000,000 
30,000,000,000 
200,000,000 
Aveea~e dueation of life  ~ver~e Na 
Days  i Z 3 4 5 6 ~ 8 9 i0  i5  20  25  30  bactePia 
Pa~elllllllZllJllltllllVllrlllftlll  i~ie~t~a 
Illl  I  Ili  II  il  il  Ir  i  II  ill  iii 
sl llllllllllllllllllllllllIlll,l 
9  /  I  I  I  [  I  I  I  I  I  I  I  I  i  ]  I  I  I  I  I  I  I  I  [  I  I  I  I  [,  12,000,000 
o  ...,..,.,,.,,,..rlllfIllflji  .o,ooo 
I11111  IIIIll  IIIIIII  I  lllll  1 
911  I  tIIIJllJllltlll 
~////.,'.~  I  1  1  I  I  I  I  I  I  I  1  I  I  I  I  I  I  I  I  I  I  I  I  [  t  I  [ 
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gml Passed.  cuttu~e  r--I  ContPo! I unpossed culture 
m~ Control ]I  prefirninaPy unp~ssed Culture 
TExT-FIG. 2. Virulence of 9 passage culture and '(unpassed" stock culture of 
Bact.  lepisepticum.  Rivers "D" strain. 
"Control (II)" represents preliminary  titration (Table II). 
and 1 : 10,000,000.  6 rabbits were injected intranasally  with the undiluted culture. 
At the same time, an 18 hour rabbit blood broth culture from the unpassed stock, 
Rivers strain, was injected intrapleurally as follows:  1 : 10, and 1 : 100, 1 rabbit 
each; 1 : 10,000, and 1 : 1,000,000, 2 rabbits each.  6 rabbits were also injected in- 
tranasally with this culture.  The number of organisms per cc.  in the original 
cultures was determined as usual. 380  BIOLOGY  OF  BACTERI'U~  LEPISEPTICLr~.  IV 
Of the 6 rabbits receiving the passed culture intranasally, 1 died with pleuro- 
pneumonia and the other 5 developed snuffles.  Of the 6 rabbits receiving the un- 
passed culture intranasally, 2 died with pleuropneumonia and 2 more developed 
snuffles. 
The rcsu!ts  of the intrapleural  inoculation arc summarized in Text-fig.  2.  The 
chart includes thc results  of  the  preliminary control  titration,  as  well  as  those of  the 
passcd and unpasscd cultures,  and shows that there was no significant  difference 
in duration of life  between animals receiving the "passed" and those given the 
"unpasscd" cultures. Hence, it  is  concluded that animal passage, as described in 
this  experiment, does not  affect  the  virulence  of the "D" Rivers strain. 
Experiment 3.--A  culture of Bact.  lepisepticum,  Type "G," was obtained from 
the nares of a rabbit at the onset of spontaneous snuffles, and designated as Strain 
"R. 82."  It was grown for 16 hours in blood broth and then injected intrapleurally 
TABLE  X. 
Direct  Pleural  Passage  of  Bact.  lepisepticum,  "G"  Strain,  "R.  82." 
Rabbit  Material injected.  No. of  bacterht  Duration of 
No.  injected,  llfe. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 cc. blood broth culture. 
1 "  pleuralexudate: Rabbit 1. 
1  "  "  "  "  2. 
½ "  heart's blood:  "  3. 
1  "  pleural exudate:  "  4. 
1  "  "  "  "  5. 
Culture from abscess in chest wall of Rabbit 6. 
1 cc. pleural exudate:  Rabbit 7. 
1  "  bloody pleural fluid: Rabbit 8. 
1  "  pleural exudate:  Rabbit 9. 
470,000,000 
200,000,000 
5,000,000,000 
? 
? 
? 
? 
? 
? 
? 
7 days. 
5  a 
1  day. 
3 days. 
1  day. 
12 days. 
2  ~ 
6 hrs. 
4 days. 
2  ~' 
into six I000 gin. rabbits in the following dilutions:  I:I,  i:I0, I:I000, and 
1  :  I00,000.  The actual number of  bacteria  injected  was determined by the  plating 
method.  The animal receiving  470,000,000 bacteria  lived  7 days;  the  one  receiving 
47,000,000 survived; the 2 given 470,000 died in 5 days; and the 2 given 4700 
survived. 
From the  first  rabbit of  this  series  to dic,  i  cc. of  pleural  exudate was taken and 
injected intrapleurally  into another rabbit of similar weight.  A  bacterial  count 
was also  made.  This procedure  was then repeated through a series  of 10 rabbits 
as  shown in  Table X.  Probably over I  billion  bacteria  were injected  in  every case. 
The survival  times  varied from 6 hours to 12 days. 
From the tenth passage rabbit, 1 cc. of  pleural  e~ud~e was taken and injected 
intraplcurally  into  6 rabbits  in  the  following  dilutions: 1  :  20, 1  :  200,  and 1  :  20,000. 
At thc same time, a 16 hour rabbit blood culture from the unpassed strain was 
injected  into  6 similar  rabbits in the following  dilutions: i  :  2, 1  :  20,  and 1  :  2000. LESLIE  T.  WEBSTER  AND  CASPAR  G.  BURN  38I 
A summary of the results, plotted in Text-fig. 3, shows that in the two instances 
in which  the numbers of bacteria injected were at all comparable, the animals 
receiving the "passed" culture died sooner than those of the "unpassed" series. 
This apparent change in virulence was tested further by a  second titration. 
The "passed" culture and pleural fluid from the first rabbit to die in the above 
titration series were injected directly into the thoracic cavity of another animal. 
After one more direct passage, the culture from the pleural fluid was inoculated into 
6 rabbits in dilutions of 1 : 10, 1 : 100, 1 : 10,000, and 1:1,000,000, and the unpassed 
control culture was inoculated in dilutions of 1 : 1, 1:10, 1 : 1000, and 1 : 100,000. 
The results of this titration are also given in Text-fig. 3, and in this case show 
that animals given the passed culture lived somewhat longer than  the controls 
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TxxT-Fm. 3.  Virulence of 11  and  13 passage culture and  "unpassed"  stock 
culture of BacA lepisepticum.  "G" strain, R. 82. 
given quantitatively similar doses of the unpassed culture.  One must conclude, 
therefore, when the results of the entire experiment are considered, that animal 
passage did not induce a significant change in the virulence of Culture "G" No. 82. 
Experiment 4.--A mucoid strain, No. 329, obtained from a case of spontaneous 
snuffles, was passed in the same manner.  800 gin. rabbits from the breeding room 
were used and the material was introduced intrapleurally in ½  cc. amounts.  Each 
rabbit dying of the infection was autopsied with care, and cultured to see if any 
type changes were occurring. 
The first animal received ½ co. of an 18 hour blood broth culture, and  died on 
the following day.  ½ cc. of its pleural exudate was then given to 2 more rabbits. 
They died on the 1st ~nd 2nd days following.  Pleural fluid from the first one to die 
was given to 2 more; they died on the 2nd day.  Those receiving the fourth passage 382  BIOLOGY  OF BACTERIUM  LEPISEPTICUM.  IV 
material died on the 1st and 4th days; the next 2 on the 1st and 2nd; the next on 
the 1st and 2nd, and the seventh passage couple on the 1st and 2nd days.  Plates 
from all these animals showed pure cultures of typical mucoid colonies. 
Pleural fluid from the first seventh passage rabbit to die was diluted in salt and 
given intrapleurally to  10 rabbits.  An additional 10 rabbits were injected in a 
similar manner with the unpassed stock culture.  Finally, from 1 of the rabbits 
receiving this seventh passage culture, pleural fluid was again diluted and given to 
8 more animals.  8 controls were given the unpassed culture at the same time. 
Counts were made and the duration of life of the rabbits receiving the passed cul- 
Average dueation c~ life  Avepai~e  No. 
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TExT-FIG. 4. Virulence of  8  and 9  passage culture  and "unpassed" stock culture 
of Bact. lepisepticum.  Mucoid strain, 329. 
ture was compared to that of the animals which had been given a similar number 
of the unpassed bacteria. 
The  results of these titrations are plotted in Text-fig. 4,  and  show  that  no 
significant difference occurred in the survival time of animals receiving the "passed" 
and "unpassed" cultures. 
We conclude,  therefore,  that  this method  of rapid animal passage does not 
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The above experiments indicate  that passage  of Bact.  leplseptlcum 
through  rabbits,  its  native  host,  by  way  of  an  abnormal  portal  of 
entry,  does not  affect its  virulence.  In  the  following  tests,  animal 
passage was effected by way of the normal portal of entry, that is, the 
nares and upper respiratory tract. 
Experiment  5.--Rabbits  used in  this experiment came from the Rockefeller 
Institute breeding room, the entire population of which has been free of snuffles 
and Bact. lepiseptlcum carriers for 2 years.  The "D"  culture,  "Rivers," was 
employed. 
Six 800 gm. rabbits were given ¼  cc. of an 18 hour rabbit blood broth culture 
into each external naris by means of a blunt syringe.  The fluid was introduced 
without touching the mucous membranes. 
3 days later, 1 rabbit died of pleuropneumonia.  An 18 hour heart's blood broth 
culture was given in the same manner to 2 more rabbits.  1 of these showed  signs 
of snuffles after 24 hours; the other died 9 days later of pleuropneumonia.  A blood 
broth culture from this rabbit was given intranasally to 3 more rabbits.  2 of them 
developed snuffles and 1 died after 9 days with pleuropneumonia.  From this ani- 
mal, a heart's blood broth culture was taken and after 17 hours' incubation was 
given in similar doses of ¼  cc. to 3 more animals.  These 3 rabbits remained clini- 
cally well.  Similar results were obtained with other"D," mucoid, and "G" strains. 
It is concluded, therefore, that under the conditions of these experi= 
ments, the passage  of t~act,  lepisepticum  through  a  series of hosts of 
the native  species,  by way of  the normal  portal  of  entry,  does not 
increase the virulence of the organism. 
DISCUSSION AND  SUMMARY. 
As a preface to a  general discussion of these experiments, we wish to 
refer again briefly to the titrations of virulence described in this paper. 
None  of  them  was  carried  out  in  an  altogether  proper  manner,- 
it was  necessary to employ rabbits of mixed breed, to use small num- 
bers, and in some instances,  to compare the results of titlxtions done 
at different times of the year.  Furthermore, many tests were made in 
the mouse, a  foreign host, and by means of artificial injection into the 
peritoneal cavity.  Hence, if our results had shown fluctuations and 
wide differences, we should have experienced difficulty in  interpreting 
their  significance. 
Fortunately, however, the  control measures which we were able  to 
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bred at the Rockefeller Institute under uniform environmental con- 
ditions, and free of previous exposure to Bact. lepisepticum,  together 
with the technique of intranasal instillation of similar doses,--were 
sufficient to give consistent and relatively uniform effects.  These we 
have regarded as presumptive evidence of the following:  (1)  that of 
the three types of Bact. lepisepticum  described, "D"  strains are the 
most virulent or pathogenic, mucoid forms less  so,  and  "G"  types 
little or not at all virulent; (2) that different strains of the same type 
are  of similar virulence; and  (3)  that  passage  of type-pure strains 
through  non-toxic,  nutrient  media,  or  through  animals,  does  not 
modify their virulence. 
The  experiments described in  the  present  communications were 
planned to investigate certain microbic factors which seem to influence 
the spread of Bact. lepisepticum  infection.  Accordingly, we  studied 
the types encountered in nature, their behavior in the rabbit host, and 
other  qualities  which  might  possibly  be  related  to  their  parasitic 
activities. 
At the outset we discovered that very little is known about the "Pas- 
teurella"  or  "hemorrhagic  septicemia"  organisms.  Every  small, 
blunt bacillus with bipolar granules and certain quite definite fermen- 
tative reactions is placed in this group and is further designated by 
prefixing the name of the animal from which it was obtained.  Differ- 
entiation on the basis of serological studies has been extremely  difficult 
and as yet not sufficiently detailed and complete to be of use.  We 
have, therefore, called our strains "Bact.  lepisepticum,"  because they 
belong to the Pasteurella group and were obtained from rabbits,  but 
at the same time have recognized  the possibility that similar forms 
may also be present in other animal hosts. 
The "D" and mucoid types may or may not be mutually related. 
Each has its distinctive growth characteristics and antigenic  properties, 
but these differences are not sufficient to exclude the possibility that 
the two types may have resulted from the action of bacteriophage or 
so called "mutation" phenomena upon a single "parent" strain. 
We have attempted to explain the difference in natural prevalence 
of "D" and mucoid types in terms of virulence and vegetative capacity 
(1,  a,  d).  Thus we find that  "D"  types are at  present rarely en- 
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former prove to be highly virulent and slightly vegetative; the latter, 
less virulent and readily vegetative.  The same inverse relationship 
between virulence and  prevalence obtains  in  human  diphtheria  (7) 
and pneumococcus infections (8);.---virulent Type I  and II pneumo- 
cocci and  diphtheria  bacteria  are  relatively uncommon in  carriers, 
while the less pathogenic diphtheria forms and Type III  2 and IV pneu- 
mococci are widespread.  It is possible, therefore, that in these respira- 
tory diseases the virulent types of bacteria are transients, unable to 
survive in a community except at epidemic times, while the less patho- 
genic types are more adapted to a parasitic existence in the tissues of a 
considerable percentage of a population (9). 
Just  what  properties  of bacteria  are  responsible  for their ability 
to kill or to survive indefinitely in the surface tissue of an animal has 
not been determined.  We find that physical properties such as agglu- 
tinability in acid buffer solutions, stability in suspension, and poten- 
tial, bear no consistent relationship to virulence and vegetative capac- 
ity.  Qualitative fermentation and indole reactions, likewise, gave no 
significant  results.  Experiments  relating  to  comparative  growth 
rates and nutritional requirements have, however, shown the follow- 
ing differences: Virulent "D" types were found to require a  medium 
with relatively low oxygen tension and these multiplied with extreme 
rapidity; mucoid types were less exacting and grew more slowly; while 
"G"  variants  needed  no  accessory  substances  for  good  growth. 
Hence, there may  prove  to  be some relation between food supply, 
metabolic activity, and pathogenicity; bacteria may be parasitic or 
saprophytic because  of their  own  specific nutritional  requirements, 
and may be virulent in one host and not in another because of chemical 
differences in  the available  food.  It  will be interesting to  test  the 
validity of these suggestions by further experiment. 
We may summarize the results of this investigation as follows.  A 
"D"  and  a  "mucoid"  type  of  Pasteurella  organisms  have  been 
recovered from rabbits;  the former is relatively rare, is virulent, and 
not vegetative; the latter is very common, less virulent, and readily 
We consider  Types III and IV to be less virulent than Types I and II because 
of the relatively low ratio of mortality per cent to incidence  per cent.  We also note 
a very interesting experimental study by M. J. Rosenau and his associates which 
tends to confirm  this belief (Am. J. Hyg., 1926, vi, 463). 386  BIOLOGY  OF BACTERIUM  LEPISEPTICUM.  IV 
adaptable  to  a  vegetative existence.  The  virulence  of the  different 
strains of each type appears to be about the same and not to be affected 
by passage through animals or non-toxic, nutrient media.  Although 
each possesses distinctive and constant characteristics, we feel that the 
possibility  of  mutual  relationship  has  not  been  entirely  excluded. 
Investigation of bacterial properties  associated  with virulence has as 
yet given no definite and positive results. 
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